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QUESTION 1 [8 marks] 


The table below gives the melting points and molar enthalpies of fusion for four compounds. 


Compound Structural Formula Melting point (°C) AtasH (J mot’) 
H H 
| | UH 
Hy oa ZN 
oe 
Toluene, Cs5H;CH3 ye eg —95.0 6.851 
4 
i 
HV. ae 
l| | 
Chlorobenzene,C.¢HsCl ge, 45.2 9.607 
y 
i 
‘i. * 
Phenol, CsHsOH gee 40.9 11.289 
H 
i 
Catechol, CsHs(OH)2 ss A Zo 105.0 22.759 
| 
- 


(a) Why is a similar trend seen in the melting point and in the molar enthalpy of fusion values? 
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(b) Explain the order of the melting points and molar enthalpies of fusion. That is, why does toluene 
have the lowest values of melting point and molar enthalpy of fusion, why does catechol have 
the highest values for these properties, and why do chlorobenzene and phenol have the positions 
they do in the middle? 


(c) A reaction generates enough heat to melt 2.2 moles of catechol. If the same amount of heat was 
used to melt toluene, how many moles of toluene could be melted? 
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QUESTION 2 [6 marks] 


These questions refer to the phase diagram of ethane, shown below. 
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(a) Indicate on the diagram where the solid, liquid, and gas phases of ethane occur. 


(b) Estimate the following from the graph: 


The highest temperature at which liquid ethane can occur. 


The lowest pressure at which liquid ethane can occur. 


The normal boiling point of ethane. 


The pressure required for ethane to be a solid at room temperature. 
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QUESTION 3 [8 marks] 


Combustion reactions are very common sources of energy. For example, a compound called 
dodecane, Cj2H26, is a common component of jet fuel. The combustion of dodecane has an enthalpy 


of reaction of —7513 kJ mol?. 


(a) Give the balanced equation for the complete combustion of dodecane in excess oxygen, Oo. 


(b) How much heat is generated if 105 g of dodecane undergoes complete combustion? 


(c) If all the heat generated by combustion of 105 g of dodecane is used to heat 500 kg of lead 
initially at 11°C, what will be the final temperature of the lead? 


Heat capacity of lead = 0.128kJ kg 'K! 
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QUESTION 4 [6 marks] 


The normal sublimation point of carbon dioxide is —78.5 °C, and the molar enthalpy of sublimation 
of carbon dioxide is 25.24 kJ mol'. 


(a) What is the sign of the entropy change when carbon dioxide sublimes? Explain why. 


(b) If 1.000 kg of carbon dioxide sublimes at a pressure of 1.013 x 10° Pa, what is the change in 
entropy, AsupS? 


(c) Ifthe temperature remains at —78.5 °C, what volume will be occupied by the gas generated from 
the sublimation of this much carbon dioxide at this pressure? 
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QUESTION 5 [12 marks] 
Consider the reaction for the formation of carbonate ion from hydrogen carbonate and hydroxide 


ions: 
OH (aq) + HCO; (aq) > H2O() + CO3° (aq) 


AyH° (kJ mol') | §° (JK! mot!) 
OH (aq) —230.0 —10.75 
HCOs (aq) ~692.0 91.2 
H,0() ~285.9 69.96 
CO3" (aq) 677.14 56.9 


Given the values of A;H° and S° given above, calculate for this reaction: 


(a) the standard molar enthalpy of reactionA, H°. 


(b) the standard molar entropy of reaction A, S°. 


(c) the standard Gibbs free energy of reaction A,.G° at 87 °C. 
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(d) Is this reaction product favoured or reactant favoured at this temperature? 


(e) 1.00 L of 1.00 M NaOH solution and 1.00 L of 1.00 M NaHCO; solution are mixed at 18 °C. 
Assuming the resulting solution has the same heat capacity as water (4.18 J g' K”') and that the 
reaction goes to completion without any heat being lost to the surroundings, what is the final 


temperature of the solution? 
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QUESTION 6 [10 marks] 


The equilibrium constant, K., for the formation of NO(g), at a particular temperature, has a value of 
1.7x 10°. 


No(g) + O2(g) 2 NO(g) 


(a) Write the equilibrium constant expression for this reaction. 


(b) If the concentrations of Nz and O2 are both 0.25 M, and that of NO is 0.0042 M. Is the system at 
equilibrium? 


(c) Ifthe system is not at equilibrium, in which direction does the reaction proceed? 


(d) What is the value for the equilibrium constant, K,, for the reaction when written as follows? 


YyN2(g) + %O2(g) © NO(g) 


QUESTION 7 
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[10 marks] 


(a) 0.100 mol of SO2(g) and 0.100 mol of O2(g) are added to a 1.00 L flask, and then heated to 1000 
K. When equilibrium has been reached, 0.0925 mol of SO3(g) is present. Given the equation for this 
reaction, and using the ICE table below, calculate the equilibrium constant, K, for the reaction. 


Chemical Equation | 2S0O.(g) + On(g) 2 SO3(g) 
Initial (M) 0.100 0 
Change (M) —0.0925/2 

Equilibrium (M) 


Define the equilibrium constant expression and then determine the value of K. 


(b) Propose two methods that would result in an increased concentration of the product gas, SO3(g). 
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QUESTION 8 [10 marks] 


(a) A solution is made which contains 1.00 kg of ethylene glycol (C2H6O2) and 4450 g of water. 


(i) What is the molality (m) of this solution? 


(ii) If this solution is to be used as antifreeze in a car radiator, determine the freezing point 
depression, in °C, for the solution. Note K; for water is 1.86 K mol! kg. 


(b) The partial pressure of carbon dioxide gas inside a bottle of soft drink is 4 atm at 25°C. What is 
the solubility of CO2? 


The Henry’s Law constant for CO> dissolved in water is 3.3 x 107 mol L™! atm” at 25°C. 
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QUESTION 9 [10 marks] 


a) Write an equation showing what happens when silver chromate (Ag2CrO,4) dissolves in water? 


b) Write an expression for Ks, in terms of the concentration of the ions present in solution. 


c) A saturated solution of AgsCrO, at 25°C is found to have a silver ion concentration, [Ag*], of 
1.73 x 10* mol L"'. Calculate K,, for the solution at this temperature. 


d) If, in part (c) above, more solid AgzCrO4 was added to the solution would the concentration of 
silver ions change? Give reasons for your answer. 
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QUESTION 10 [10 marks] 


(a) Several acids are listed below with their respective K, values. 


HNO,(aq) + H2O(1) NO> (aq) + H30*(aq) K, = 4.6x10~ 
HCN(aq) + H20(1) CN (aq) + H30* (aq) K,=3.0x10° 
CH3CO>H (aq) + H20(1) CH3CO; (aq) + H30*(aq) Kz = 1.8x10° 


Identify the strongest acid? 


Identify the strongest conjugate base? 


(b) An aqueous solution has a pH of 7.678 at 25°C. 


Note: Ky is equal to 1x107'* at 25°C. 


(i) Calculate the hydronium ion, H30*, concentration of the solution to the correct number of 
significant figures. 


(ii) Is the solution acidic or basic? 


(c) Dissolving sodium acetate (NaCH3CO>) in water gives a non-neutral solution. Write a balanced 
chemical equation showing which ion or ions are responsible for this effect. Is the resulting 
solution acidic or basic? 
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QUESTION 11 [10 marks] 


a) A0O.10M aqueous solution of propanoic acid, CH3CH2COOH, has a pH of 2.93. What is the 
value of K, for propanoic acid? Show your working. 


b) A formic acid (HCO 2H) / sodium formate (NaHCOz) buffer solution is prepared with the 
following: [HCO2H] = 0.50 M and [HCO2 ] = 0.70 M. The Kz for formic acid is 1.82 x Ox: 


(i) What is the pH of the buffer solution 


(ii) At which pH would this buffer show the maximum buffering capacity? Justify your answer. 


Please remember — This examination paper MUST BE HANDED IN. Failure to do 
so may result in the cancellation of all marks for this examination. Writing your name 
and number on the front will help us to confirm that your paper has been returned. 
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